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Dynamic Voltage and Frequency Scaling
for Fixed-priority Scheduling on SMT/CMP
and Experiments on an RMT Processor

Yuir Ikepa, ! SninpEr KaTof!
and NOBUYUKI YAMASAKIT!

Dynamic voltage and frequency scaling (DVFS), which can reduce power
consumption by scaling voltage and frequence of processors, has received atten-
sion, since saving energy is one of primary subjects for embedded systems. Also,
a multiprocessor architecture has received attension, since it is more energy-
efficient than a comparable uniprocessor architecture. In this paper, we present
a DVFS algorithm that reduces power consumption for fixed-priority multipro-
cessor scheduling. Our algorithm computes the minimum frequency, at which
all tasks are guaranteed to meet their deadlines, by looking ahead the idle time

within a window assigned to every task. According to the results of experi-
ments on an RMT Processor, which is SMT architecture for real-time system
and on which DVF'S is available, our algorithm reduced power consumption, as
compared to the static voltage and frequency scaling algorithm.
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Algorithm: Look-Ahead Window on Partition RM

1: foreach 1...m as i

2 foreach 7; € AS(3)

3 if 7; is active then

4: W; —dj — thow

5: s; ij—Rj—ZkeHP(i,j) g (tnow, Wi)
6 else

7 5; «— Pp

8 end if

9 end foreach

10: S — min(s; | 75 € AS(3))
11: oy — RL/(S+ RY)

12: end foreach

13: o — maz(aa,...,am)

01 LAW-PRM OOOOOO
Fig.1 LAW-PRM argorithm.
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Fig.2 Example of LAW-PRM algorithm.
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4.2 LAW on Global-RM
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Algorithm: Look-Ahead Window on Global RM

1: foreach 1..n as

2 if 7; is active then

3. WZ A dz - tnow

4: s — W; — R; — Z;;ll u]'(tnow,Wi) / m
5 else

6 s; «— Pp,

7 end if

8: end foreach
9: S — min(s1,...,Sn)
10: o Rmzn/(s + Rmzn)
03 LAW-GRM OOOOOO
Fig.3 LAW-GRM argorithm.
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Fig.4 Example of LAW-GRM algorithm.
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Table 1 System for evaluation.

o f(MHz) | Vga(Volt) | E(Ws)
0.25 7.81 0.83 0.17
0.33 10.41 0.86 0.21
0.50 15.63 0.93 0.29
1.00 31.25 1.05 0.48
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Fig.5 Evaluation enviroment.
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Table 2 Tasks for evaluation.

Group | Tasks

A 7(2C,2T), 7(3C,3T)
B 7(15C, 15T), 7(20C, 20T)
c 7(100C, 100T), (200G, 200T)
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(ACET/WCET = 50%, m = 2).
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Fig.9 Average energy consumption with 2, 3, and 4 threads
(ACET/WCET = 50%, Taskset 2A+2B+2C).
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Fig.10 The result of comparison of energy consumption on method-a with method-g3
(2 threads, Taskset A+B+C).
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Fig.11 Worst case execution time of scheduler with 2, 3 and 4 threads.
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